Background: Spermatozoa preservation is an approach to improve the fertility rate to pass on the valuable genetic material from sire to their offspring. During the last 20 years, reproductive biotechnologists have focused on the approaches that improve spermatozoa cryosurvival. One of the possible mechanisms is supplementation in semen extender. Objectives: The aim of this study was to evaluate the combined effects of healthy ram semen with n-3 fatty acids and α-tocopherol (Vitamin E) on freezing ability and fatty acid (FA) content of sperm cell. Materials and Methods: Semen collection was performed on six mature Zandi rams by an artificial vagina. In the present study, two experiments were carried out. In Experiment 1, the specimen quality was assessed. Then the samples were pooled. The pooled specimens were allocated into 12 groups, in a 3 × 4 factorial design, including four levels of n-3 FA (0, 0.1, 1, 10 ng.mL -1 ) and three levels of α-tocopherol (0. 0.1, 0.2 mM). Then sperm critical characteristics such as proportion of motile sperm, progressive motile sperm, viable and abnormal sperms were measured. Furthermore, after freezing-thawing procedure, the recovery rate was considered as a vital indicator of semen quality. After thawing, the highest progressive motility was obtained when treated with 0.1 mM α-tocopherol and 1 ng.mL -1 n-3 FA. So, the second experiment was designed to measure the content of FA in specimens that fortified with 0.1 mM α-tocopherol, 1 ng.mL -1 n-3 FA and also in groups without α-tocopherol and FA. Results: The data showed that before freezing, docosahexaenoic acid (DHA) level of sperm was increased when the FA introduced into extender (P ≤ 0.01). On the other hand, in the FA group, the n-3 FA and polyunsaturated fatty acid content were significantly higher compared with n-6 FA and saturated fatty acid level. However, in other groups, there were no significant alteration in the overall proportion of n-3 FA and n-6 FA were recorded (P ≤ 0.01). conclusions: It was concluded that the cryosurvival of ram semen could be improved by adding DHA along with alfa-tocopherol as an antioxidant.
Background
Cryopreservation is known as a classical semen storage technique which has a number of advantages; however, thawing and freezing induce some detrimental effects on sperm ultra-structure and biochemical and functional structures (1) , leading to the reduction of motility, membrane integrity and fertilizing potential (2) .
The main purpose of freezing extender is to provide an energy source for spermatozoa to protect them from damages caused by temperature fluctuations and maintain a suitable temporary environment to survive. At present, the egg yolk is a common component of semencryopreservation extenders of domestic animals. It has been shown that egg yolk has some advantageous effects such as protecting the plasma membrane of sperm cryopreservation against temperature-related injuries, in association with other components (3) . It is reported that egg yolk has a high risk of contamination (4) , commercial extenders with an egg yolk substitute have been recently available for freezing animal semen (5, 6) . However, little information is known about ram sperm preservation.
The sperm plasma membrane is a highly dynamic construction that can regulates the extracellular exchanges and induces the process of fertilization (7) . The difference in lipid composition of the sperm plasma membrane is a key factor in the capability of sperm freezing (8) . In various mammalian species, up to 60 % of the total fatty acids consisted of long-chain polyunsaturated fatty acids (LCP-UFA) of the n-3 series (9) . This specific lipid composition causes fluidity and flexibility of the cell membrane which are resulted from the presence of the several double bond fatty acids. This specific physical changes in membrane may provide more resistance against damages arising from icy crystal formation (10) . It has been suggested that High DHA concentration in both semen and sperm is positively associated with sperm motility in humans (9, 11) . The membrane fluidity is associated to the availability of docosahexaenoic acid which is essential for the motility of sperm tails (12) . It has been observed that the sperm obtained from as the nozoospermic men had lower levels of DHA compared with sperm from normozoospermic men (9) . The reduction of semen Polly unsaturated fatty acid (PUFA) concentration decreases the sperm cell number, motility and sperm fertilizing potential in animals (13) . Due to high level of phospholipid and unsaturated fatty acid content of the mammalian sperm membrane, these cells are sensitive to lipid peroxidation, (14) . The Seminal plasma protects the cells against this process by antioxidants. Moreover, diluting semen during cryopreservation decreases the availability of plasma semen PUFA and antioxidant of sperm cell.
Objectives
Therefore, the objective of the present study was to evaluate the effects of adding different levels of n-3 fatty acid and alfa-tocopherol to an egg-yolk-free extender in order to assess the freezing ability of ram sperm.
Materials and Methods

Animal and Location
Six mature Zandi rams with average weight of 61 -68 kg (2 -3 years old) from the sheep flock of the Department of Animal Science, University of Tehran, located in Karaj (35°48´N, 51°2´E) were subjected to the present study in autumn 2011.
Experimental procedures were approved by the University of Tehran Animal Welfare and Ethics Committee.
Experimental Design
In Experiment 1, semen samples collected by a ram artificial vagina, twice a week for four weeks (totally 48 ejaculations). After semen collection, the semen specimens were transferred to the laboratory of the Animal Breeding Center of Iran, and reserve at 34 °C water bath. Specimens were subjected to further analysis using a phase-contrast microscope at 400X. The specimens with ≥ 70 % motility were selected. Then the selected samples were pooled and extended using an Andromed extender (Minitüb, Tiefenbach, Germany). The Andromed extender was supplemented with different levels of n-3 FA (0, 0.1, 1 and 10 ng.mL -1 ; Viva Pharmaceutical Inc, Canada;) and α-tocopherol (0, 0.1, 0.2 mM; Sigma Chemical Co., St. Louis, MO, USA). To obtain different concentration of FA and α-tocopherol; the n-3 FA and α-tocopherol were solved in pre warmed (37 °C) test tubes containing Ethanol. Afterward, to prepare the tubes in a way that they possess a thin layer of FA and α-tocopherol on their inner surface, ethanol was allowed to evaporate (15) . Then the extended semen was added to the tubes and incubated for 20 minutes at 37 °C to allow the spermatozoa to uptake fatty acid and alfa-tocopherol (16) . Five samples of fresh and frozen-thawed semen from each treatment were pooled for semen quality evaluation. Eight replicates were used for each treatment.
In Experiment 2, the α-tocopherol plus FA group and the control group were considered as the core of study. In this part of study, collected semen from rams was divided into two groups (with or without FA and α-tocopherol). Then the groups were frozen for further studies. The content of sperm fatty acid profile was identified before freezing and after thawing.
Freezing and Thawing Process
At the first step, semen was diluted. Then the diluted semen was cooled at 4 -5 °C for 2 hours. Following the cooling process, semen was frozen in straws. For semen cryopreservation, samples were stored in a Styrofoam box containing liquid nitrogen. Racks that contain the samples were placed into the liquid nitrogen vapor at a height of 4 cm above the liquid for 8 minutes, and then the straws were plunged into liquid nitrogen. For thawing process, the straws were placed into a water bath adjusted at 37 °C for 30 seconds (16).
Semen Evaluation
Post-Thawed Sperm Motility and Progressive Motility
Pre-warmed slide and cover slip were used to evaluate sperm motility (without CASA program). At first step, a drop of thawed semen loaded on a pre-warmed slide. Then it was covered by a cover slip. The percentage of motile sperms and sperms with progressive motility were evaluated under a phase-contrast microscope at 400X magnification. The mean of five observations was considered as a single data point.
Sperm Viability
A small drop of fresh or frozen-thawed semen was loaded on a pre-warmed slide and mixed with a relatively larger drop of the supravital stain [1 % (w / v) Eosin B, 5 % (w / v) nigrosin in 3 % tri-sodium citrate dihydrate solution] to prepare a thin and uniform smear (15) . Following air-drying, the smear was evaluated using a phase-contrast microscope (400X). Ten scopes (thirty three spermatozoa per scope) that contained three hundred and thirty three spermatozoa were counted. Spermatozoa with unstained heads considered as live sperms and spermatozoa with stained or partial stained heads counted as dead sperms (16).
Sperm Abnormality
For the evaluation of total abnormalities in the semen samples, at least three drops of the semen were pipetted into 1.5 mL tubes, containing 1 mL Hancock's solution. One drop of this mixture was placed on a microscope slide and covered with a cover slip.
Recovery Rate (RR)
This equation; RR = Motility after freezing / Motility before freezing, was used for calculation of the spermatozoa recovery rate.
Fatty Acid Composition of Sperm
Using an equal volume of NaCl (0.85 %, w / v), collected semen from the treated and control group were diluted. Then for separation of seminal plasma from the cell pellet the diluted semen was centrifuged at 1000 g for 10 minutes at room temperature (17) . The supernatant was transferred to a fresh test tube, and the cell pellet washed with 1 mL of 0.85 % (wt/vol) NaCl and re-centrifuged using the same procedure as described by Sariozkan et al. (18) . The sperm cell pellet was suspended and centrifuged in the presence of 2 mL NaCl (0.85 %, w/v). Then obtained pellet was washed twice with saline solution (17) . The lipid extraction was performed following application of a proper combination of chloroform -methanol (2:1, v/v) to make a homogenize sperm (19) . By using Metcalf method, the specimens were trans-methylated (20) . Using a capillary column system, Carbowax, 30 m × 0.25 mm in diameter, 0.25 µm film thickness (Alltech Ltd., Carnforth, Lancashire, UK), the gas chromatography was conducted for analyzing the resultant fatty acid methyl esters (HP6890 with FID detector and auto-sampler HP7683, Hewlett Packard, Wilmington, DE, USA) (4). Integration of the peaks and subsequent data handling was performed using the HP Chemstation software (Hewlett Packard), enabling determination of the fatty acid composition (proportion of total fatty acids) by comparison of the total fatty acid peak areas to that of the pentadecanoic fatty acid standard. The identities of the peaks were verified by comparison with the retention times of standard fatty acid methyl esters.
Statistical Analysis
Data were analyzed using GLM procedure of SAS 9.1 in experiment 1 and 2 (SAS Institute, Cary, NC, USA). Treatment mean comparisons were calculated using Duncan's multiple range test. The results were expressed as mean ± SEM. Differences with values of P < 0.05 were considered statistically significant.
Results
Experiment 1
The mean percentages of post-thawed sperm in different groups are shown in Table 1 . Following thawing, the treated group with 0.1 mmol alfa-tocopherol and 1 ng.mL -1 n-3 FA (α-tocopherol plus FA group) showed better vital features compared with other groups (control and treatment groups). The sperm motility was not affected by n-3 FA and α-tocopherol. In the groups treated with various levels of alfa-tocopherol and FA, there were no significant differences in the percentage of viable sperm (60.61 ± 0.87, 61.13 ± 0.87 and 60.86 ± 0.87 respectively for 0, 0.1 and 0.2 mM alfatocopherol) and (60.92 ± 0.98, 60.92 ± 0.98, 60.92 ± 0.98 and 60.92 ± 0.98 respectively for 0, 0.1, 1, 10 ng.mL -1 FA) ( Table 1) .
There was no significant difference in the percentage of abnormal sperm between groups at various levels of VE (3.37 ± 0.25, 3.56 ± 0.25 and 3.45 ± 0.25 for 0, 0.1, 0.2 mM levels of α-tocopherol). Among various levels of FA, the lowest abnormality belonged to the group treated with 0.1 ng.mL -1 to find the detailed results refer to Table 1 .
Differences between recovery rates were not significant in groups at various levels of alfa-tocopherol and FA.
Experiment 2
Sperm membrane composition for fatty acids, n-3 and n-6 FA, MUFA percentages, n3 / n6 and PUFA / SFA ratio are shown in Table 2 . Prior to freezing, DHA content was higher in FA group compared to groups without FA (P < 0.05). There was a reduction in the ratio of n-3 / n-6 FA following the thawing process in both groups (with and without FA). However, the proportion of n-3 / n-6 FA was higher in FA group prior to the freezing procedure (Table 2) . 
Discussion
In the first Experiment, adding biological antioxidants, n-3 FA and α-tocopherol after thawing, led to the higher percentage of progressively motile sperm. In a study conducted by Badr et al. (21) fortified extender with palmitic acid or linoleic acid (n-6) improved the post-thawed sperm motility and viability. Using the treated sperm for in vitro fertilization (IVF) led to better results in IVF and blastocyst formation (22, 23) . In contrast, the results from a study on bulls conducted by Amorim et al. (24) revealed that extender supplementation with vitamin A, cod liver and flaxseed oil as a n-3 fatty acids source loaded on cyclodextrin could not improve sperm quality after thawing process.
The results of the present study showed that the levels of DHA, n-3 FA, the ratio of n-3 / n-6 and PUFA in FA group were higher compared with the groups without FA. These findings revealed that embedment of n-3 FA into sperm cell membrane could have positive effects on sperm quality. Prior to freezing, DHA content was higher in FA group compare to group, which had no FA. However, this content was a dramatically decreased in both groups following the thawing process. These findings could be a result of enhanced lipid peroxidation, which is a consequence of spermatozoa cryopreservation (10). Also Maldjian et al. (12) stated that the decrease in the content of polyunsaturated fatty acids, could be a result of an increase in the amount of saturated fatty acids which taken up by sperm membrane or passively bound to the sperm membranes. Finally, all the mentioned mechanisms may lead to a decrease in the proportion of the LCPUFA. When n-3 FA applied to semen extender, DHA content of lipid composition in sperm membrane increased significantly. Thus, the valuable effects of n-3 FA on sperm quality is rationalized by considering the importance of DHA proportion in sperm membrane lipids (22) . A result from a study in men indicated that spermatozoa from asthenozoospermic, oligozoospermic and oligoasthenozoospermi individuals had a lower docosahexaenoic acid content compared with normozoospermic men. On the other hand, there is a significant positive correlation between DHA and sperm motility, sperm concentration and normal sperm morphology (22) .
PUFA content of sperm membrane (head and tail) may elevate in response to n-3 FA supplementation. On the other hand, the higher PUFA proportion in sperm membrane led to improved membrane fluidity and consequently sperm motility is developed. Furthermore, analysis of monkey sperm (head and tail), for fatty acids composition, revealed that 1.1 and 19.6 % (respectively for head and tail) of total fatty acids in sperm are composed of DHA. This result is in agreement with previous findings demonstrated that 99 % of DHA content of sperm is presented in the sperm tail. Plasma membrane fluidity, stability and permeability are the critical characteristics of sperm. The major components of sperm plasma membrane that may contribute to the sperm critical characteristics are the differences between lipid composition in sperm head and tail. Therefore, high DHA level in the sperm tail may be necessary since they improve sperm motility via increasing membrane fluidity in the sperm tail (25) . In addition, freezing tolerance increases as a result of improved fluidity and flexibility. Therefore, it may prevent sperm membrane disintegration caused by ice crystal formation during the freezing process. It is widely accepted that PUFA served as a key factor in cell movements, lipid metabolism, and oocyte infusion by sperm. Kelso et al. (26) showed that in aged bull sperm count and motility were significantly decreased that are the consequences of reduction in sperm phospholipid DHA content (27) . In a study conducted by Safarinejad et al. (28) the blood plasma PUFA content and spermatozoa PUFA composition were analyzed in two groups; men with idiopathic oligoasthenoteratozoospermia infertility and normal men. The results revealed that n-3 FA concentration was lower in plasma and spermatozoa of infertile men compare to the normal men (25) .
There have been several studies with regards to the supplementation of fish oil into the rooster (10), boar (12) goat (29), sheep (30) and turkey (31) diet. The results revealed that the diet supplemented with fish oil led to an increase in sperm progressive motility. These reports were in agreement of the results of the present study.
Results of the present study revealed that the different concentration of α-tocopherol supplemented with semen extender had the great impact on sperm progressive motility. In consistent with our experiment, findings from a study conducted by Jeong et al. (32) showed that fortified extender with α-tocopherol led to more protection against oxidative damage. Thus, motility and progressive motility of sperm increased significantly. Previously, it was demonstrated that sperm morphogenesis led to a dramatic loose of internal deposition of antioxidant enzymes. Therefore, content of extracellular antioxidants have a pivotal role in prevention of oxidative damage caused by any kinds of stressors (31) . Antioxidative system enables antioxidant agents to break the covalent bands that reactive oxygen species (ROS) form between fatty acid side chains in membrane lipids. This potential is prominent, especially in α-tocopherol. This result showed that α-tocopherol is a major component participating in membrane integrity and has a pivotal role in reducing membrane damage caused by excessive ROS production during cryopreservation. Maldjian et al. (12) showed that the application of egg yolks, to prepare semen extender, supplemented with n-3 fatty acids but any kinds of antioxidant had no significant effects on critical characteristics of sperm following cryopreservation. While results of the present study revealed that using FA concomitant with α-tocopherol led to a significant increase in the quality of post-thawed sperm. Therefore, to gain the positive effects of n-3 FA supplementation in semen extender, using an antioxidant besides n-3 FA would be an obligation.
In conclusion, the present study showed that adding a source of n-3 FA and alfa-tocophrol to an extender can significantly improve the in vitro characteristics of ovine sperm. The highest and most suitable point of sperm quality after the freezing was observed in the highest level of fatty acid and vitamin E. It may be due to effective incorporation of PUFA especially DHA with the cell membrane before freezing and protection of cell membrane. Increased PMOT could be a result of DHA aggregation in the sperm flagellum area. Improved viability may be related to the increased membrane resistance to disinte-gration caused by ice crystal as a result of increased proportion of n-3 FA in plasma membrane.
